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Wednesday, February 6, 2013 621athe growth in granule diameter (to 250% of control) was accompanied by
a strong increase in the prevalence of capacitance flicker (to 41.5%), while
in RBL-1 cells with granule size of 170% of control, capacitance flicker oc-
cured in 41.5% of cases after 5HT loading. These results suggest that granule
size may influence fusion pore kinetics e.g. as a result of membrane curvature
favoring rapid pore expansion.
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Cyclin dependent kinase 2 (CDK2) is a well-known regulator of the cell cycle
in diverse types of cells. In pancreatic b-cells, CDKs have been the subject of
much research devoted towards increasing b-cell mass by driving proliferation
in diabetics, where there is a conspicuous loss of b-cell mass. However, mice
lacking CDK2 in their pancreatic b-cells (Pdx1-Cre:CDK2–/– mice) exhibited
glucose intolerance and reduced insulin release from isolated islets before
losing b-cell mass. To examine the underlying defects, optical imaging of
NAD(P)H/flavin autofluorescence was used to directly measure glycolytic
and mitochondrial activity, which both trigger and control refilling of the
readily-releasable granule pool in b-cells. By comparison to control islets,
Pdx1-Cre:Cdk2–/– islets exhibited a reduced baseline, slower rise time, and
a reduced maximal NAD(P)H/flavin response, which correlated with increased
mitochondrial volume in EM images. Surprisingly, Ca2þ signaling - the direct
trigger for b-cell insulin granule release - was not responsible for the observed
secretory defect since the intracellular Ca2þ oscillations of Pdx1-Cre:Cdk2–/–
islets were found to be more sensitive to glucose than control islets. Ca2þ chan-
nel activation is therefore uncoupled from both metabolism and secretion in
this model. Uncoupling of secretion may further involve the exocytotic machin-
ery, since mRNA levels of the SNARE protein SNAP25, and the glucose-
dependent priming factor RAB27A, were reduced by CDK2 ablation. Taken
together, our data indicates that CDK2maintains insulin secretion by regulating
metabolic output and plasma membrane electrical activity, and suggests
further CDK2-dependent regulation of the exocytotic machinery, roles that
are in distinct to regulation of b-cell proliferative capacity. Supported by
F32DK085960 (MJM), the NIDDK Intramural Research Program (SGR), and
R01DK46409 (LSS).
3193-Pos Board B348
Cholesterol Regulates Insulin Secretion through Protein Prenylation and
Membrane Arrangement in INS-1E Cells
Juan Pablo Zu´n˜iga Hertz1,2, Eduardo Rebelato1, Fernando Abdulkader1,
Sameh S. Ali2, Hemal H. Patel2.
1ICB-Universidade de Sa˜o Paulo, Sa˜o Paulo, Brazil, 2University of
California, San Diego, San Diego, CA, USA.
Cholesterol plays a key role in membrane structure and secretory function of
pancreatic B cells. Prenyl molecules derived from the cholesterol biosynthesis
pathway, such as geranylgeranyl pyrophosphate (GGPP), serve as substrates
for post-translational modifications of small GTPases involved in insulin secre-
tion. However, appropriate cholesterol content is required for the maintenance
of the membrane physicochemical properties such as fluidity that directly
impact insulin granule fusion. Since statins reduce both prenyl groups and
cholesterol, our aim was to study the relative contribution of these lipid lower-
ing compounds on glucose-stimulated insulin secretion (GSIS) in insulin
secreting cells.
INS-1E cells were cultured in the absence or presence of simvastatin (SIM,
1mM) or zaragozic acid (ZGA, inhibitor of cholesterol synthesis but not of
prenyl groups, 20mM), in acute (2h) and chronic (24h) treatments; rat islets
were acutely treated with SIM. To evaluate the role of protein prenylation, cells
were treated for 24h with GGPP (20mM). Secreted insulin during 2h incubation
at 2.8 and 16.7mM glucose was quantified by radioimmunoassay. Cellular
cholesterol after treatment was measured by a colorimetric assay. Membrane
lipid rafts after 2h SIM treatment were analyzed by immunofluorescence.
Plasma membrane fluidity was measured by EPR using 5-DSA as probe.
Acute SIM reduces GSIS, but does not affect total cholesterol content, nor
membrane microdomain distribution or membrane fluidity. GSIS inhibition
was not observed after acute ZGA treatment nor after acute SIM treatment
on cells previously loaded with GGPP. Chronic SIM inhibits GSIS but
enhances cholesterol reduction and increases plasma membrane fluidity. Our
results show that protein prenylation contributes to GSIS and that plasma
membrane cholesterol content may be a critical parameter for the maintenance
of physicochemical properties that regulate cellular functions such as granule
fusion and cargo exocytosis.3194-Pos Board B349
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Insulin, mainly stored in secretory granules of pancreatic beta cells, is the major
hormone regulating glucose metabolism by complex but highly-ordered mech-
anisms. Ionotropic glutamate receptors (iGluRs) are expressed in islets and
insulinoma cells and involved in insulin secretion. However, the exact roles
that iGluRs play in beta cells remain unclear. The aim of the present study
was to elucidate the current controversy about the presence of iGluRs in beta
cells and explore their functions in insulin secretion, taking advantage of mul-
tiple techniques, including whole-cell recording in the acute pancreatic tissue
slice, single beta cell nested RT-PCR and total internal reflection fluorescence
microscopy (TIRFM). Here, we demonstrated that GluR2-containing a-amino-
3-hydroxy-5-methyl-4-isoxazolepropionic acid receptors (AMPARs) were
expressed in mouse beta cells. Glutamate application increased both cytosolic
calcium and the number of docked insulin-containing granules, which resulted
in augmentation of depolarization-induced exocytosis and high-glucose-
stimulated insulin release. While glutamate application directly depolarized
beta cells, it also induced an enormous depolarization when KATP channels
were available. Glutamate application reduced the conductance of KATP chan-
nels and increased voltage oscillations. Moreover, actions of AMPARs were
absent in Kir6.2 knock-out mice. The effects of AMPARs on KATP channels
were mediated by cytosolic cGMP. Taken together, our experiments uncovered
a novel mechanism by which AMPARs participate in insulin release.
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Translocation of glucose transporter-4 (GLUT4) to the plasma membrane (PM)
is the hallmark of insulin regulation of glucose metabolism. However, GLUT4
translocation to PM proceeds through two distinct exocytotic mechanisms:
classical fusion with dispersal and fusion with retention in specialized
GLUT4 domains (clusters). In this study we examined the properties of
GLUT4 domains and investigated insulin effect on spatiotemporal organization
of GLUT4 in PM of live adipose cells by direct microscopic observation of
single monomers tagged with photoswitchable fluorescent protein.
Using live cell fluorescent Photo-Activation Localization Microscopy
(fPALM), we tracked diffusion of GLUT4-EOS in PM, and measured lifetime
of GLUT4 molecules trapped inside the domains. While dispersed GLUT4
monomers followed Brownian motion with diffusion coefficient of
~0.09 mm2/s, GLUT4 associated with domains exhibited constrained diffusion
limited by the boundaries of the elongated domains (sized 60-240 nm). We next
analyzed the rates of GLUT4 monomer association with and dissociation from
the domains, and found that insulin stimulated the latter by ~3-fold, but did not
influence the former. Interestingly, outside the domains GLUT4 monomers
appeared to frequently collide, but did not form new domains. Rather,
GLUT4 domain formation was observed exclusively upon GLUT4 exocytosis.
Consistent with previous findings, insulin increased the probability of fusion
with dispersal (bypassing domain formation), and decreased the rate of
GLUT4 internalization from domains, thus further augmenting the total amount
of GLUT4 in PM and increasing the relative fraction of dispersed GLUT4.
All together these three effects of insulin act synergistically to shift the distri-
bution of PM GLUT4 from clustered to dispersed states and concomitantly
increase the residency time of GLUT4 monomers at the cell surface. Thus,
we propose that spatiotemporal confinement of GLUT4 in PM domains repre-
sents a novel kinetic mechanism for insulin regulation of glucose homeostasis.
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The complexity of exocytosis has left the molecular details of the process un-
clear. We present a minimal, artificial secretory cell designed for amperometric
studies of release of signalling molecules through the fusion pore of single
vesicles. In replacement of SNARE-proteins, the cell model has been equipped
with an analog composed of complimentary DNA constructs, one on the vesicle
and one on the target membrane. The DNA constructs hybridize in a zipper-like
fashion bringing about docking of the vesicles and following the addition of
622a Wednesday, February 6, 2013Ca2þ, fusion of the vesicles is completed. Exocytotic events recorded from the
artificial cell closely approximate exocytosis in live cells. The results together
with simulations of vesicular release demonstrate that the lipid-based fusion
pore initially retains stability and limits diffusion of the secreted molecules.
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SNAP-25 contains two of the four helixes that form the SNARE complex, crit-
ical for neuronal exocytosis. The helixes are linked together with a cysteine-
rich domain, which is the site of various post-translational modifications
such as palmitoylation and possibly oxidation. SNAP-25’s linker contains 4
cysteines and thus could be both palmitoylated and oxidized. Palmitoylation
anchors SNAP-25 to the membrane, while the level of oxidation may regulate
transmitter release.
Using standard MS/MS collision-induced dissociation (CID) in an Ion Trap
mass spectrometer we analyzed peptide fragmentation patterns to determine
fragmentation events, and observed single and double backbone cleavage along
with heterolytic cleavage of disulfide bonds. We modeled these same events in
the doubly disulfide linked SNAP25B peptide and used a cumulative hypergeo-
metric distribution with top-down scoring to first identify, and then to differen-
tiate all three bonding patterns. This is the first study to assign all double
disulfide bonding patterns in a protein, and uses methodology fully compatible
with standard large scale shotgun proteomics.
In addition, the structural stability of oxidized and reduced SNAP-25 was de-
termined with Circular Dichroism (CD). We observe that oxidized protein is
less stable (lower melting temperature) than reduced protein. Additional exper-
iments focus on the stability of the SNARE complex with oxidized samples and
on the extent of SNAP-25 oxidation in brain tissue, with the ultimate goal to
elucidate the effects of palmitoylation and oxidative stress on SNARE complex
formation and vesicle fusion.
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In recent years there has been enormous interest in using nanoparticles (NP) in
various biomedical applications like imaging, clinical diagnostics, gene and
drug delivery etc. Experiments show that the cellular uptake of NPs which enter
via clathrin-coated vesicles (CCVs) is size dependent, and there is an optimal
NP size at which the uptake is maximum. A theoretical model that has been
proposed to explain this experimental observation links the size dependence
to the diffusion rate of receptors on the plasma membrane.
We put forward an alternative explanation for the size dependence of NP up-
take, proposing that it is determined by the mechanical properties of the protein
coat that forms on CCVs during clathrin-mediated endocytosis. Based on obser-
vations of vesicle size noted for different tissues, we infer that the protein coat,
which causes the membrane to invaginate, has a natural curvature that varies
approximately between 1/80-1/40 nm1. using a simple model that we proposed
earlier (Banerjee et al., Biophys. J. 102, 2725 (2012)) we find that a CCV can
accommodate cargo of similar size, and that the formation of coat around a par-
ticle whose size does not fall within this range is energetically unfavorable. We
also list some experimental evidence in support of our hypothesis.
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The molecular physics of fusion pore formation has remained an open question
for the past half century following the confirmation of exocytosis as the path-
way of cellular secretion. While a number of proteins have been found to be
required for docking and exocytotic secretion in a variety of biological systems,
the physical mechanism of fusion of secretory vesicle and plasma membrane
remains a mystery. It is possible that the role of SNARE and ‘‘fusion proteins’’
together with a final cytosolic Ca2þ spike may simply be to create close appo-
sition between secretory vesicle and plasma membranes as a prelude to electro-
poration and fusion pore formation. In the early 1990’s the similarities between
electropores in secretory granule membranes generated by high electric fields
and fusion pores between secretory granules and plasma membranes were
pointed out by Oberhauser and Fernandez (1993, Biophys. J. 65: 1844-1852).Then in 1998, Rosenheck , (Biophys. J. 75: 1237-1243) in a theoretical analysis
concluded that the electrostatic field strength generated from the inner face of
the chromaffin cell membrane by negatively charged phosphatidylserine is suf-
ficient to electroporate the chromaffin granule membrane when the latter is in
close proximity (< 30 A). Further confirmation of this conclusion was recently
put forward by Lutiel and coworkers ( 2007, J. Biomol. Struct & Dynamics 24:
495-503). In this poster these and related results will be presented for consid-
eration and their strengths and limitations discussed. An essential feature of
the proposed model is the idea that fusion pore formation starts as an electro-
static field-induced perturbation in the structure of the lipid bilayer of the
secretory vesicle membrane. The proposed model offers new insights into
the physics underlying exocytotic membrane fusion.
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Control of cellular uptake of nanoparticles is crucial step in drug delivery and
nanomedicine. However, the conditions under which passive endocytosis, i.e.
not ATP driven, occurs are not well understood. using Molecular Dynamics
simulations with coarse grained model we investigated the conditions of the
passive uptake and consequential cytosol escape of the ligand-coated nanopar-
ticles with varying size, shape, coverage, and receptor-binding strength. In qual-
itative agreement with Helfrich theory we have found that larger spherical
particles undergo endocytosis easier than smaller ones due to a more favorable
compromise between bending rigidity and surface adhesive energy. Moreover,
our simulations and elastic analysis suggest that the prolate shape of spherocy-
linders can lead to more efficient delivery than spheres of the same diameter as
both shapes seems to have the same kinetic barrier for uptake across a lipid
membrane but the spherocylinders have a larger volume. In addition, we ob-
served that the sharp edges on nanoparticles can hinder the uptake process.
The cytosol escape of the uptaken nanoparticles can occur upon a decrease of
ligand-receptor interaction and a sufficient deformation of the membrane vesi-
cle from its equilibrium state. The deformation can be administered by a non-
spherical shape or a pressure exerted by the nanoparticle. Large rigid spheres
were not observed to be able of the escape during the time of simulations.
The insight should be helpful in rational design of drug delivery nanocarriers.
Ligand-gated Channels II
3201-Pos Board B356
Effect of Bispiridinium Compounds on Human Nicotinic a7 Receptor
Currents
Thomas Seeger1, Anne Bierwisch2, Karin V. Niessen1, Franz Worek1,
Horst Thiermann1.
1Bundeswehr Institute of Pharmacology and Toxicology, Munich, Germany,
2Carite´, Universita¨tsmedizin Berlin, Berlin, Germany.
Nicotinic acetylcholine receptors (nAChRs) are important targets in drug dis-
covery due to their high physiological importance in pathogenesis and poison-
ing. Life threatening poisoning by organophosphorus compounds results in
over-stimulation of cholinergic receptors by blocking acetylcholinesterase
(AChE). Antidotal therapy is based on reactivation of inhibited AChE by
oximes, i.e. obidoxime. A direct interaction of bispyridinium oximes with
nicotinic receptors was postulated in rodent studies, but could not be verified
in human tissues. Therefore this study investigated interactions of bispyridi-
nium oximes with neuronal human nicotinic a7 receptor.
Human a7 nAChR were expressed in stably transfected rat pituitary tumor cells
(GH4C1). Whole-cell patch clamping was performed with planar electrodes in
an 8-channel Patchliner system (Nanion Technologies GmbH, Munich,
Germany). Cholinergic currents were activated by nicotine and modulated by
PNU 120596. The dose-response relationship of the bispyridinium oximes
obidoxime and HI 6 was measured in concentrations between 0.01-100 mM.
Nicotinic induced inward currents stopped within a few ms, because of receptor
desensitisation. This desensitisation could be prevented by adding positive
allosteric modulator PNU 120596. Under such conditions, HI 6 reduced the
cation inward current of human nicotinic a7 receptors with an IC50 of 83 5
30 nM. In contrast, nicotinic activation of the human a7 subtype was not
affected by obidoxime in mM range. Without PNU 120596 both HI 6 and
obidoxime enhanced nicotinic inward current of the human a7 receptor.
These results demonstrated that HI 6 and obidoxime interact with the human
nicotinic a7 receptor. As PNU 120596 the bispyridinium-oximes can not
only increase the maximal amplitude and potency of nicotinic evoked a7
nAChR currents , but also suppress desensitization. This suggests an allosteric
